tetrahedral in O9-type structure. Green, blue, brown, and red balls represent R, Mn, Fe, and O atoms, respectively. Table S1 . U values used in this work for oxide systems and the energy adjustments between previous work and this work. Fe, respectively in the reactants. The blue, red, and grey lines represent the experimental, calculated, and difference patterns, respectively. Phase compositions and lattice parameters for the mullite-type compounds are summarized in Table S2 and S3, respectively. λ Kα1 = 0.15406 nm wavelength was used in the refinement. The blue, red, and grey lines represent the experimental, calculated, and difference patterns, respectively. Phase compositions and lattice parameters for the mullite-type compounds are summarized in Table S2 and S3, respectively. λ Kα1 = 0.15406 nm wavelength was used in the refinement. In contrast to Fe, Mn compound shows a lower stability in O9-type structures (Fig. S5a) .
In Bi 2 Mn 4 O 9 O9-type structure, octahedral chains show high d orbital electron density right below the Fermi level (Fig. S5a, black arrow) . This indicates that Mn atoms are still highly reactive. On the other hand, in O10-type structure DOS for the 4f octahedral site (Fig. S5b) shows an electron density decrease (Fig. S5b, black 
